Background: MicroRNAs (miRNAs) are a class of endogenous, small non-coding RNAs which function as essential posttranscriptional modulators of gene expression tightly involved in a wide range of diseases, including the hepatocellular carcinoma (HCC). Here, the present study was designed to investigate the expression levels and cellular roles of miR-200a in HCC. 
Introduction
Hepatocellular carcinoma (HCC) is one of the most malignant tumors with high morbidity and mortality, which ranks as the third leading cause of cancer-related death worldwide at present [1, 2] . In addition, most HCC patients have a poor prognosis due to late diagnosis and lack of effective treatment [2, 3] . Though alpha fetal protein (AFP) is still the most widely used diagnostic marker, its positive rate is only about 70% [4] . Therefore, it is necessary to identify other specific biomarkers and clarify the molecular mechanism of HCC for the early diagnosis and timely treatment of the disease.
MicroRNAs (miRNAs) are small, noncoding, single-stranded RNAs known to regulate the Ivyspring International Publisher expression of genes by binding to the 3'-untranslated region (3'-UTR) of target messenger RNA (mRNA) to participate in the regulation of cell growth, differentiation, apoptosis and metastasis of biological processes [5, 6] . Many studies have demonstrated that microRNAs have played important roles especially in the evolution and progression of HCC by regulating tumor oncogenes or suppressor genes [7] [8] [9] [10] .
MicroRNA-200a (miR-200a), a member of the miR-200 family, has been reported to be dysregulated and function as a tumor inhibitor in the pathogenesis of various cancers, such as pancreatic carcinoma [11] , renal cell carcinoma [12] , nasopharyngeal carcinoma [13] , breast cancer [14] , ovarian cancer [15] and so on, including HCC. However, the exact role and molecular mechanism of miR-200a in liver cancer have not been elucidated yet.
In the study, we investigated in the expression and functions of miR-200a in the HCC. We found that miR-200a was decreased in HCC. Furthermore, miR-200a suppressed the growth and metastasis of HCC cells by directly forkhead box A2 (Foxa2) and supplement of Foxa2 significantly reversed the tumor suppressive role of miR-200a in HCC cells. Therefore, our study has revealed a novel target for miR-200a and may facilitate a novel treatment of HCC.
Methods

Patients and participants
Twenty patients with HCC who were treated at the Huashan Hospital affiliated of Fudan University (Shanghai, China) between July 2015 and September 2015 were enrolled into the present study. All the serum samples of HCC patients were collected before and after treatment. We also obtained serum samples from 20 healthy donors who were used as healthy controls. These controls, completely free from any known malignancy or active inflammatory condition, matched with the age, sex and ethnicity of the patients. Blood sample collection obtained informed consent of patients and healthy volunteers. All HCC patients were diagnosed clinically.
Cell culture
The human HCC cell lines (HepG2, Huh7, SMMC-7721 and MHCC-97H) and L02 cells were obtained from the Liver Cancer Institute, Zhongshan Hospital, Fudan University (Shanghai, China). The cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM; Gibco) supplemented with 10% fetal bovine serum (FBS; Gibco) and 1% Penicillin-Streptomycin (Gibco) and incubated at 37°C in a humidified incubator containing 5% CO2 following the manufacturer's instructions.
Lentiviral miR-200a upregulation assay
Lentiviruses expressing miR-200a, or negative control miRNA (miR-NC) were commercially obtained from Genechem (Shanghai, China). To transduce hepatocellular carcinoma cell line (Huh7 cell), lentiviruses were added into culture medium overnight with a multiplicity of infection (MOI) of 10. The next day, the fresh DMEM culture medium was replenished. After the cells were continuously cultured for another 4 to 5 days to stabilize the lentivirus transduction, puromycin was used to screen out the stable cell lines. Then, the transduction efficiency was verified by qRT-PCR.
Luciferase reporter assay
A luciferase reporter assay was performed in order to detect the direct binding of miR-200a to Foxa2. The entire 3′-UTR of human Foxa2 was cloned into the p-MIR-reporter vector (Ambion, Austin, TX, USA) and confirmed by sequencing to form a wild type luciferase reporter vector (Foxa2 WT 3'-UTR). To verify the binding specificity, the sequences of Foxa2 3'-UTR that bound with the miR-200a were mutated (from AGUGUU to UCACAA), and it was also inserted into p-MIR-reporter vector to generate a mutated luciferase reporter vector (Foxa2 Mut3'-UTR). For the luciferase reporter assays, HEK293 cells were plated in 96-well plates and then transiently cotransfected with luciferase reporter vectors with miR-200a-mimic or control microRNA using Lipofectamine 2000. After transfection for 48h, the relative luciferase activity was detected using a dual luciferase reporter assay system (Promega).
RNA extraction and quantitative real-time PCR
RNA was extracted from serum samples using miRNeasy Serum/Plasma kit (Qiagen, Germany) according to the manufacturer instructions. MiRNeasy Mini kit (Qiagen, Germany) was used for the extraction of total RNA from the cells. MiScript SYBR-Green PCR kit (Qiagen, Germany) was performed to detect the mature miR-200a expression in the cells. Expression of cel-miR-39 and RNU6B was used as an endogenous control in serum and cells testing respectively. The mRNA expression of Foxa2 was measured by SYBR-Green qPCR assay (Takara, Dalian, China). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as internal control of Foxa2 mRNA and calculated using the 2 -ΔΔCt formula, and then normalized to the internal control. The primers of miR-200a, cel-miR-39 and RNU6B (hsa-mir-200a, MS00003738; cel-miR-39, MS00019789; hsa-RNU6B, MS00033740) were supplied by Qiagen. PCR of Foxa2 was performed with specific primers: forward, 5'-CACCACCAGCCCCACAAA-3'; and reverse, 5'-GGGTAGTGCATCACCTGTTCGT-3'. Primers of GAPDH were as follows: 5'-CGTGGG CCGCCCTAGGCACCA-3' and 5'-TTGGCTTAGGG TTCAGGGGGG-3'.
Protein extraction and western blotting
All cells were washed with PBS for twice and lysed in IP lysis buffer (Beyotime, China) supplemented with protease and phosphatase inhibitor on ice for 30 min. After that, cell lysates were centrifuged for 30 min (12000 g, 4 °C). Then the protein sample was collected and the protein concentration was measured by using BCA protein concentration assay kit (Beyotime, China). Protein samples were diluted to a certain concentration (5 ug/ul) with the lysis buffer. The proteins (50 μg) were separated by 12％SDS-PAGE and transferred to PVDF membranes (Millipore). After being blocked with skimmed milk, the blots were incubated overnight at 4°C with rabbit anti-foxa2 and anti-β-actin. The membranes were then washed and incubated with goat anti-rabbit secondary antibodies for 60 min, and then developed with BeyoECL Plus kit (Beyotime). The antibodies were purchased from the following sources:
Anti-Foxa2 (1:1000, Cell Signaling Technology #3143, USA), anti-β-actin (1:1200, Cell Signaling Technology #8457, USA) and goat anti-rabbit secondary antibodies (1:1200, Santa Cruz, sc2030, USA).
Cell proliferation assay
To assess cell proliferation, Huh7 cells were plated in 96-well plates at 5 × 10 3 cells per well in 100μL of culture medium. The cell proliferation index was measured using the Cell Counting Kit-8 (CCK-8; Diojindo Laboratories, Kumamoto, Japan) at 24, 48, 72, 96 and 120 h after transfection. According to the manufacturer's instructions, each well was treated with 10ul CCK8 solution and incubating for 4 h. The absorbance was measured at 450 nm on Synergy H1 Hybrid Microplate Reader. All experiments were repeated in triplicate.
Cell migration and invasion assay
The migration and invasion of cells were tested by using transwell chambers (Corning 3422, USA). In the invasion assay, filters were precoated with Matrigel (BD Biosciences). The cells (5×10 5 cells/200ul) were seeded in the top chamber and the bottom chamber was filled with 600ul DMEM containing 20%FBS. Cells that remained on the bottom surface of the membranes were fixed in methanol for 30 min and stained with 0.5 % crystal violet for 20 min after incubation for 24-48 h. Four random fields were counted for each group.
Statistical analysis
All of the western blotting images are representative of at least three independent experiments. Quantitative RT-PCR, the luciferase reporter, the cell proliferation, migration and invasion assays were performed in triplicate. The data are presented as the mean ± SD and all results are analyzed by using Stata 11.0 software. P value less than 0.05 is considered statistically significant.
Results
Clinical features of study participants
The characteristics of 20 HCC patients and 20 healthy volunteers were presented in Table 1 . There was no significant difference in the distribution of age, sex and alanine aminotransferase (ALT) except viral infection and AFP between HCC patients and healthy people. In addition, Table 1 also shows that HCC was more prevalent in males than in females though few cases were studied in the group. 
MiR-200a is downregulated in HCC serum and cell lines
We measured the expression of circulating miR-200a in 20 HCC patients before and after resection and 20 healthy subjects using quantitative real-time polymerase chain reaction (qRT-PCR) with the endogenous control (cel-miR-39). The levels of circulating miR-200a expression were markedly decreased in the serum from preoperative patients vs healthy subjects. In addition, the expression level of miR-200a in the serum from the postoperative patients increased significantly compared with the preoperative serum (Fig.1A) . We further analyzed whether the preoperative serum level of miR-200a was correlated with clinicopathological factors in 20 patients with HCC ( Table 2 ). The results showed that large tumor sizes of more than 5 cm, TNM stage (III~IV), poor differentiation, the presence of metastasis and recurrences were significantly correlated with low levels of serum miR-200a (P=0.0327, 0.0463, 0.0190, 0.0190 and <0.001, respectively), whereas other clinical factors, such as (Fig.1B) . Among them, Huh7 cell was selected for subsequent investigation. These data strongly suggest that miR-200a may be involved in the occurrence and development of HCC. figure 1A , the negative control was L02 cell in figure 1B ).
Overexpression of miR-200a inhibits cell proliferation, migration and invasion in HCC cells
To investigate the effects of miR-200a on tumor biology, stable cell lines expressing miR-200a (Huh7-miR-200a) and its negative control (Huh7-miR-NC) were established by lentiviral transfection, which was validated by qRT-PCR ( Fig.2A) . Cell proliferation examined with CCK-8 assay demonstrated that overexpression of miR-200a markedly attenuated cell viability of the Huh7 cells as compared with those transfected with the negative control from 48h to 120h (Fig. 2B) . The effects of miR-200a on the migration and invasion of HCC cells were analyzed initially in vitro using transwell assays. The results showed that both the migratory and invasive abilities of the HCC cells were suppressed by miR-200a overexpression when compared to the control (Fig. 2C and D) . Collectively, the in vitro studies suggest the suppressive effects of miR-200a on tumor cell proliferation, migration and invasion in HCC. 
Identification of conserved miR-200a target sites within the 3'-UTR of Foxa2
To further understanding the molecular mechanism of miR-200a in regulating HCC growth and metastasis, we used three publicly available algorithm (Targetscan, miRanda and PicTar), and found that miR-200a was identified as a candidate miRNA that could target Foxa2. The sequence of the predicted miR-200a binding sites and the Foxa2 3'UTR segments containing the miR-200a complementary sequence are shown in Fig. 3A . Luciferase activity assay demonstrated that miR-200a significantly inhibited the wild type (WT) but not the mutant (MUT) 3'-UTR of Foxa2 luciferase activity (Fig. 3B) . Furthermore, qRT-PCR and western blotting assay were verified that overexpression of miR-200a markedly suppressed the endogenous mRNA and protein levels of Foxa2 respectively (P<0.05; Fig. 3C  and 3D ). These data indicate that miR-200a may negatively regulate the transcription of Foxa2 expression by directly targeting its 3'UTR.
Overexpression of Foxa2 reverses the effects of miR-200a on HCC cells
To further confirm Foxa2 was involved in the function of miR-200a, stable cell lines expressing miR-200a (Huh7/miR-200a) were transfected with Foxa2 overexpression plasmid. The expression efficiency of Foxa2 was examined by qRT-PCR and western blotting. The mRNA level and protein level of Foxa2 were both significantly restored in Foxa2 overexpression plasmid-transfected Huh7/miR-200a cells, compared with its negative control (Fig. 4A, 4B) . Through analyzing the changes of cell proliferation, migration, and invasion, we found that overexpression of Foxa2 significantly attenuated the miR-200a-mediated tumor suppressive effects (Fig.  4C, D, E) . The above results imply that miR-200a serves as a tumor inhibitor mediated by Foxa2.
Discussion
HCC is one of the most common causes of death from cancer. Its 5-year post-surgery survival rate is very low [16] . This poor prognosis is mainly due to the early metastasis and invasion of HCC, which result in an incurable stage most patients' condition entered [17, 18] . The molecular mechanisms underlying the metastasis and invasion of HCC remain to be explored. Recently, a large number of studies have reported that many miRNAs could participate in the occurrence and development process of liver cancer [19, 20] . Among them, microRNA-200a has been found to be decreased in the liver cancer and play a critical role as tumor suppressor [21] [22] [23] . However, the specific mechanisms related with the role of miR-200a in HCC process are still not fully elucidated. In our study, we have for the first time demonstrated that Foxa2 gene was a direct downstream target gene of miR-200a in HCC. Figure 3B , the negative control was Huh7 cells transfected with negative lentivirus in Figure 3C and 3D) . In addition, we further researched the functional characteristics of one HCC cell line. Overexpression of miR-200a could suppress HCC cell proliferation, migration and invasion, which is consistent with prior researches [22] . These data suggest that miR-200a may function as a potentially crucial tumor suppressor and the malignancy of liver cancer is restrained by high expression of miR-200a.
It has been well known that miRNAs regulate target gene expression at the posttranscriptional level through both translational inhibition and mRNA degradation. Foxa2 is a member of the fork head transcription factor family which is widely involved in the regulation of cell proliferation and differentiation [26, 27] . Prior studies have showed that Foxa2 may be abnormally expressed in a number of cancers, which sequently lead to the development of tumors [24, 28, 29] . A number of miRNAs have been shown to be able to regulate Foxa2 expression such as miR-1291, miR-29 and miR-124a [27, 30, 31] . But the potential relationship of miR-200a targeting Foxa2 in human hepatocellular carcinoma have not been studied before. In this study, we performed bioinformation software analysis, the luciferase reporter assay, qRT-PCR and western blotting to identify that miR-200a could combine to This study has some potential limitations. In our research, we've just employed serums and the only one cell line to identify that miR-200a regulate the growth and metastasis of HCC by targeting the Foxa2 gene. It is felt that we should have confirmed the relationship between the expression status of miR-200a and the development of HCC on clinical tissues, more cell lines and in vivo experiments, which is one limitation of our study. Another limitation is that, though our results showed that miR-200a inhibited cell growth and metastasis through targeting Foxa2 expression, our study did not exclude specific downstream signal pathways that may modulate cell migration and invasion. Thus, in the following, we are going to overcome the attendant limitations of the present study.
Conclusions
Generally speaking, the results of our research demonstrate that miR-200a is frequently down-regulated in HCC patients' serum and HCC cells, which is likely to be a potential biomarker for diagnosis with an important role as a tumor suppressor in HCC. Decreased expression of miR-200a in HCC cells might lead to aberrant cell proliferation, migration and invasion by regulating the expression of Foxa2 directly, and subsequently contribute to the deterioration of liver cancer. All these results help to further clarifying the mechanisms in the pathogenesis of liver cancer. More importantly, miR-200a might be a novel molecular target for the therapy of HCC.
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